Abstract. The human epidermal growth factor receptor (HER) 4 is a relative of HER2 and has been associated to endocrine breast cancer and prediction of tamoxifen response. In addition to PI3K/Akt and MAPK pathway activation, ligand binding to HER4 triggers proteolytic cleavage and release of an intracellular receptor domain (4ICD) with signaling properties. The aim of the present study was to analyze HER4 protein expression and intracellular localization in breast cancer tissue from patients randomized to treatment with or without adjuvant tamoxifen. To investigate HER4 expression and localization in response to estradiol (E2) and 4-hydroxytamoxifen (4-OHT) exposure, we also performed in vitro studies. Cytoplasmic, nuclear and membrane expression of HER4 protein was evaluated by immunohistochemical staining in tumor tissue from 912 breast cancer patients. Three different breast epithelia cancer cell lines were exposed to E2 and 4-OHT and mRNA expression was analyzed using qPCR. Further, nuclear and cytoplasmic proteins were separated and analyzed with western blotting. We found an association between nuclear HER4 protein expression and ER-positivity (P= 0.004). Furthermore, significant association was found between cytoplasmic HER4 and ER-negativity (P<0.0005), PgR-negativity (P<0.0005), tumor size >20 mm (P=0.001) and HER2-negativity (P=0.008). However, no overall significance of HER4 on recurrence-free survival was found. After E2 exposure, HER4 mRNA and protein expression had decreased in two cell lines in vitro yet no changes in nuclear or cytoplasmic protein fractions were seen. In conclusion, nuclear HER4 seem to be co-located with ER, however, we did not find support for overall HER4 expression in independently predicting response of tamoxifen treatment. The possible influence of separate isoforms was not tested and future studies may further evaluate HER4 significance.
Introduction
Breast cancer is the largest group of malignancies among women in the Western world (1) and the majority of breast tumors express estrogen receptors (ER) (2) . A common treatment strategy for these patients is blocking estrogen action by tamoxifen (2) (3) (4) . One of the cellular responses of the ER block is cell cycle arrest in the G1 phase by decreased expression of the cell cycle regulator cyclin D1 (5) . Tamoxifen treatment is not efficient for all patients and many experience breast cancer relapse. Endocrine drug resistance may be caused by several mechanisms, such as elevated levels of co-activating proteins involved in ER signaling or changes in tamoxifen metabolism (6) (7) (8) (9) (10) . Despite extensive research for proteins involved in tamoxifen resistance, no breakthrough of markers has been implicated for clinical practice.
The biological significance of the human epidermal growth factor receptor (HER) 4 is not fully elucidated although it has been associated with ER expression (11, 12) and favorable outcome of breast cancer (7, 13) . Like in other receptor tyrosine kinases, activation results in downstream signaling through pathways such as phosphoinositide 3-kinase (PI3K)/Akt -and Ras/mitogen activated protein kinase (MAPK) (14) . There are at least four known isoforms of HER4, due to alternative splicing, having either juxtamembrane domain JM-a or JM-b (15) connected to the cytoplasmic domains CYT-1 or CYT-2 (16) . These isoforms give rise to opposing effects in mammary epithelia, making it challenging to evaluate the clinical relevance (17, 18) . Isoforms with the cleavable JM-a domain release an 80-kDa intracellular region (4ICD/s80) into the cytoplasm where it remains or is transported to the nucleus (19) . The occurrence of 4ICD in the cytoplasm has been associated to apoptosis, initiated by its proapoptotic BH3-only domain (20) (21) (22) while nuclear 4ICD acts as a co-activator for ERα stimulated gene expression (23) and may therefore promote proliferation of ER-positive cells. At least one cleavable HER4 isoform (JM-a/CYT-2), shown to increase cyclin D1 in breast epithelium, cause hyperplasia in mammary epithelia (17) . According to current knowledge some isoforms of HER4 may reverse the effect of tamoxifen thus decreasing patient survival while on the other hand it is also hypothesized that tamoxifen disrupts the ERα/4ICD complex in tumor cells by mitochondrial accumulation of 4ICD and subsequent apoptosis (20) . In the present study we evaluated the expression and localization of HER4 using immunohistochemistry and the association to prognosis and clinical parameters in 912 breast cancer patients randomized to tamoxifen or to no endocrine treatment. We also examined the effect of estrogen (β-estradiol, E2) and tamoxifen (4-hydroxy-tamoxifen, 4-OHT) on HER4 cellular localization in vitro.
Materials and methods
Patients. We analyzed tissue from low risk breast cancer patients registered in a randomized tamoxifen trial, conducted in the stockholm region between 1976 and 1990. This cohort has been described in detail elsewhere (24) . All patients (n=1,780) were female and postmenopausal at the time of diagnosis. For inclusion, they were required to have a tumor ≤30 mm with no infiltrating tumor cells in axillary lymph nodes (N0). The patients were treated either with modified radical mastectomy or with breast conserving surgery plus radiation therapy (50 Gy/5 weeks). Patients were randomized to tamoxifen therapy (40 mg/day) for 2 years (n=886) or no adjuvant endocrine treatment (n=894). Tamoxifen treatment was initiated within 2-4 weeks after surgery thus administered concurrently with radiation therapy. Patients without recurrence after 2 years were re-randomized to additional 3 years of tamoxifen therapy, hence a total treatment period of 5 years, or no further treatment. The mean follow-up period was 17 years and the patient data were collected through regional population registers including swedish Cause of Death Registry. The study was approved by the ethics committee at the Karolinska Institute and the experiments in the present study were conducted according to the Declaration of Helsinki.
Breast cancer tissue microarray. Archival breast tumor tissue from 912 of the 1,780 patients participating in the original study were collected. A pathologist chose representative tissue from formalin-fixed, paraffin-embedded breast tumor material as donor block for tissue microarray (TMA). From each block a section was stained with hematoxylin and eosin. Further, three morphologically representative regions from each section were chosen and then cylindrical cores with a diameter of 0.8 mm were taken and mounted in a recipient block. For each TMA, cores from liver tissue were mounted as internal controls. The TMA were constructed using a manual arrayer (Beecher Instruments, sun Prairie, WI, UsA).
Hormone receptor status and HER2. The tumor data of hormone receptors and HER2 was obtained from prior studies. In brief, ER status was initially determined by cytosol assay and isoelectric focusing with a cut-off level set to 0.05 fmol/µg DNA, according to earlier clinical routine practice (24) . In the present study, ER data were collected from a re-evaluation using immunohistochemistry (IHC). Briefly, the Ventana Benchmark system with prediluted antibodies (anti-ER clone 6F11 and anti-PgR clone 16) was used to determine the ER and progesterone (PgR) status. Tumors with >10% positively stained nuclei were considered positive. For cases without immunohistochemical data, results from cytosolic assay were used. Expression of HER2 was analyzed using the Dako AO0485 polyclonal rabbit antibody (Dako, Glostrup, Denmark). The tumor cells were graded (0, 1+, 2+ and 3+) and patients having a score of 3+ were considered HER2-positive.
HER4 analysis. IHC specific monoclonal rabbit anti-HER4 antibody #4792 (Cell signaling Technology Inc, Beverly, MA, UsA) was used at dilution of 1:350. According to suppliers, the antibodies do not cross-react with other EGFR family members. The specificity of the antibody was evaluated by pre-incubation with a blocking peptide #1022 (Cell signaling Technology Inc.) for 1 h in room temperature (RT) prior incubation of tissue (Fig. 1 ). In addition, the antibody was successfully tested using tissue with known HER4 expression and western blotting. The TMA slides were deparaffinized in xylene and rehydrated in decreasing series of ethanol followed by MilliQ water. Heat-induced antigen retrieval was performed in Target Retrieval Solution pH 9.0 (Dako) for 1 h in a 99˚C water bath and then cooled to RT. The slides were blocked for endogenous peroxidase activity using 3% H 2 O 2 for 10 min following 1 h treatment in RT with 5% horse serum diluted in phosphatebuffered saline (PBs). The slides were incubated with primary antibody at 4˚C overnight, washed and forthcoming detection was made using the EnVision™ system (Dako) with secondary horseradish peroxidase (HRP) polymer reagent for 20 min at RT and subsequently visualized with 3,3'-diaminobenzidine (DAB). sections were counterstained with hematoxylin and mounted. All washing between reactions was performed using PBs with 0.1% Tween.
TMA evaluation. The TMA slides were examined in Olympus BX41 light microscope (Olympus Life science Europe GMBH, Hamburg, Germany) connected to Leica DFC420 digital microscope camera (Leica Microsystems, Heerbrugg, switzerland). Two investigators (A. Göthlin Eremo and P. Wegman) evaluated the slides independently and unaware of clinical data and patients outcome, by grading the staining intensity of cytoplasmic and nuclear HER4 (0, negative; 1, weak/moderate; 2, strong). The cut-off level for a positive signal was set at >10% of tumor cells. If results were not consistent between investigators, a consensus score was set after re-evaluation.
Cell culture and reagents. To investigate HER4 intracellular response from estrogen and tamoxifen exposure, three epithelial breast cancer cell lines were used; MCF7, ZR-75-1 and T-47D (American Type Culture Collection, Manassas, VA, UsA). All three cell lines are considered ER-positive and in addition, ZR-75-1 cells also express low levels of HER2 (25) . MCF7 cells were cultured in Iscove's modified Dulbecco's medium (IMDM) complemented with 10% FBs and 0.25% insulin. ZR-75-1 cells were cultured in RPMI-1640 supplemented with 10% FBs and 2.5% HEPEs buffer. T-47D cells were grown in in RPMI-1640 supplemented with 10% FBs, 2.5% HEPEs buffer and 0.25% insulin. All cell culture media were free from phenol red. In between experiments, cells were incubated in 75-cm 2 culture flasks in a 5% CO 2 humidified atmosphere at 37˚C. Cell culture media and supplements were purchased from Invitrogen, Carlsbad, CA, UsA.
In vitro experiments.
For cell experiments, the use of conventional FBs was changed to 5% charcoal stripped FBs (csFBs) (Invitrogen) to avoid influence from unknown concentrations of steroid hormone. Culture conditions and drug concentrations were optimized prior to experiments. The cells were seeded at a density of 20,000 cells/cm 2 in 6-well plates and cultured for 24 h. Cells were then exposed for 72 h to either 100 nM 4-hydroxytamoxifen (4-OHT) (sigma-Aldrich, stockholm, sweden), 1 nM β-estradiol (E2) (sigma-Aldrich), or both 4-OHT and E2 in combination. E2 and 4-OHT were dissolved using ethanol (EtOH), hence control cells were cultured in 0.1% EtOH. After exposure, cells were harvested by trypsinization, using 0.5% trypsin/EDTA, and centrifuged at 300 x g for 5 min for following procedures.
Analysis of HER4 and cyclin D1 expression using quantitative real-time PCR (qPCR)
. RNA was extracted, using the RNeasy Plus Micro kit (Qiagen, Hilden, Germany) according to the manufacturer's protocol. RNA concentrations were determined using the NanoDrop spectrophotometer ND-1000 (NanoDrop Technologies; Thermo Fisher scientific, Wilmington, DE, USA) and stored at -80˚C until further use. Later, samples were thawed and diluted with RNase-free water. A total of 400 ng RNA was reverse transcribed in a 20-µl reaction using the High Capacity cDNA RT kit (Applied Biosystems, Foster City, CA, UsA), according to the manufacturer's protocol. The cDNA was synthesized in following conditions; 25˚C for 10 min, 37˚C for 120 min, 85˚C for 5 min and cooled to 4˚C by using the MJ Research PTC-200 Peltier Thermal Cycler (GMI Inc., Ramsey, MI, UsA). qPCR was carried out in a solution containing 7.5 µl (2X) TaqMan ® Fast Advanced PCR Master Mix (Applied Biosystems), 0.75 µl (20X) TaqMan Gene Expression Assays (Applied Biosystems) (HER4: Hs00955525_m1, cyclin D1; Hs00765553_m1, β-actin; Hs99999903_m1, ABL1; Hs01104728_m1), 6 µl RNase-free H 2 O and 1.5 µl cDNA with the final volume of 15 µl. The 96-well plates were run, using the C1000 Touch™ Thermal Cycler (CFX96™ Real-Time System, Bio-Rad, Solna, Sweden) in 50˚C for 2 min, 95˚C for 20 sec and 95˚C for 1 sec and 60˚C for 20 sec for 40 cycles. The fold change between expression of the target genes (HER4 and cyclin D1) and house-keeping genes (β-actin and ABL1) was obtained using the 2 -∆∆Ct method.
Separation of nuclear and cytoplasmic proteins.
In order to analyze HER4 localization in response of E2 and 4-OHT exposure, nuclear and cytoplasmic proteins were isolated. Briefly, the cells were re-suspended in 1.5 ml PBs and centrifuged at 500 x g for 5 min (4˚C). The proteins were extracted and separated through a series of centrifugation steps using NE-PER ® Nuclear and Cytoplasmic Extraction reagents (Thermo Scientific, Rockford, IL, USA) according to the manufacturer's protocol. Before use, 10 µl/ml of Protease Inhibitor Cocktail (sigma-Aldrich) was added to reagent CER I and NER. Protein concentrations were determined by spectrophotometry using DC Protein Assay (Bio-Rad) and 96-well plate reader Multiskan Ascent (Thermo Labsystems, Helsinki, Finland) according to instructions.
Western blot analysis of HER4 and cyclin D1 protein expression. From the nuclear and cytoplasmic cell fractions, 40 µg of proteins were separated by sDs-PAGE using Any kD™ Mini-PROTEAN ® TGX™ Precast Gel (Bio-Rad) and subsequently transferred to Immun-blot™ PVDF (Bio-Rad) membranes. The membranes were blocked for unspecific binding for 1 h at RT using 2% ECL Advance Blocking Agent (GE Healthcare, Buckinghamshire, UK) then incubated with rabbit monoclonal anti-HER4 antibody #4795 (Cell signaling) (1:1,000) at 4˚C overnight. For detection, the membranes were incubated with goat anti-rabbit HRP conjugated antibody #As09 602 (Agrisera, Vännäs, sweden) (1:50,000) for 1 h at RT and visualized using the ECL Advance Western Blotting Detection kit (GE Healthcare) and ChemiDoc charge-coupled device (CCD) camera (Bio-Rad) according to the manufacturer's instructions. Antibodies were stripped off the membrane by stripping buffer (0.1 M β-mercaptoethanol, 2% sDs, 62.5 mM Tris, pH 6.7) incubation at 50˚C for 30 min. From the step of blocking, the protocol was repeated using rabbit monoclonal anti-cyclin D1 antibody #2978 (Cell signaling) (1:1,000), rabbit polyclonal anti-β actin antibody #ab8227 (Abcam, Cambridge, UK) (1:2,500) and finally rabbit monoclonal anti-histone H3 antibody #9717 (Cell signaling) (1:1,000) for 1 h at RT.
Statistical analysis. To examine the relationship between the levels of protein expression and tumor characteristics the Pearson's Chi-square test was used. The differences in recurrence-free survival were assessed using the log-rank test. Hazard ratios (relative hazard, HR) with 95% confidence interval (95% CI), were calculated using univariate and multivariate Cox proportional hazards regression analysis, which was also used for interaction tests. In addition, the fold changes in gene expression from qPCR results were estimated using the 2 -∆∆Ct method and the differences (∆Ct) were tested using one-way ANOVA with Holm-sidak test for correction of multiple comparisons. All P-values ≤0.05 were considered significant. The Statistical Package for the Social Sciences (sPss) version 17.0 and GraphPad Prism version 6.0d were used to perform the statistical analyses.
Results

HER4 protein expression and localization.
Protein expression of HER4 was assessed in tumor tissue from 912 breast cancer patients and scoring was attainable in 727 cases (79.7%). The distributions of tumor characteristics for these cases were similar to those available on TMA and to the original cohort (Table I) . For accessible cases, nuclear and cytoplasmic HER4 were evaluated separately and graded (Table II) . Tissues with moderate and strong grade of immunoreactivity were considered HER4-positive (HER4 + ). Two hundred and thirty-five (32.3%) tumors were considered as HER4-negative (HER4 -), 28 (3.9%) had exclusively nuclear staining (HER4 N ) and 388 (53.4%) had only cytoplasmic staining (HER4 C ). seventy-six patients (10.5%) had both nuclear and cytoplasmic HER4 (HER4 NC ) and for 70 cases (9.6%), a distinct membranous staining was found (Table II) . Association between HER4 protein expression and tumor characteristics. Different grades of HER4 staining were associated to tumor characteristics (Table II) . Higher grades of nuclear expression (HER4 N and HER4 NC tumors) were associated to ER-positivity (P=0.004) and tumors having nuclear HER4 were more often ER-positive compared to tumors without the presence of nuclear HER4 (HER4 C and HER4 --tumors) (P=0.002, OR=2.69, 95% CI=1.40-5.16). Higher grades of cytoplasmic expression (HER4 C and HER4 NC tumors) were associated with poor prognostic factors such as ER-negativity (P<0.0005), PgR-negativity (P=<0.0005), tumor size >20 mm (P=0.001) and HER2-positivity (P=0.008). The tumors with defined membranous HER4 staining shared similar associations to poor prognostic factors (Table II) .
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The associations between localization of HER4 and tumor characteristics are shown in Table III -tumors were more often HER2-negative than HER4-positive tumors (Table III) .
Prognostic relevance of HER4 protein expression. Using the Kaplan-Meier method and log-rank test, no statistical differences in recurrence-free survival were found in regard of HER4 -, HER4
N , HER4 C or HER4 NC expression (Fig. 2) . For the 70 cases with evident membranous HER4 staining, Table III . statistical association between patients and tumor characteristics and HER4 localization. Chi-square test for association. HER4 -, negative; N, nuclear; C, cytoplasmic; NC, nuclear and cytoplasmic. Na, not available. For most cases, membranous HER4 was unavailable. Hence, this category is not taken into account for this analysis. recurrence-free survival was shorter than for all cases without distinguishable membranous staining (P=0.023). Compared to HER4 -cases, the result was no longer significant (P= 0.063). In multivariate analysis including ER, PgR, HER2 and tumor size, there was no impact of HER4 or HER4 localization on recurrence-free survival. Multivariate test for interaction including HER4 membrane showed no additional effect of HER2 on survival.
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HER4 protein expression and prediction of tamoxifen treatment. Among ER-positive patients treated with adjuvant tamoxifen there was no significant difference in recurrence-free survival in regard of HER4 expression. In order to describe tamoxifen benefit in the ER-positive patients of the present study, 65/361 (18%) of those treated with adjuvant tamoxifen had a recurrence compared to 101/326 (31%) of those without adjuvant tamoxifen (log-rank test P<0.0005). When sub-analyzing ER-positive patients categorized by HER4 expression (HER4 14) ]. Multivariate analysis using Cox regression, including ER, PgR, HER2 and tumor size showed no independent predictive significance of HER4 in regard of tamoxifen treatment.
Analysis of HER4 and cyclin D1 mRNA and protein expression in vitro.
Three different epithelial breast cancer cell lines were used to study HER4 and cyclin D1 expression after exposure to 4-OHT, E2 and 4-OHT + E2. Cyclin D1 was used to control endocrine response. After 72-h exposure of 4-OHT, there were no significant changes in gene expression of HER4 or cyclin D1 in either cell line (Fig. 3) . After exposure to E2, HER4 mRNA was decreased in MCF7 cells (P=0.0001) and in ZR-75-1 cells (P=0.018) while E2 exposure resulted in increased cyclin D1 mRNA levels in MCF7 cells (P=0.0066) and in ZR-75-1 cells (P=0.0007). For T-47D cells, there were no significant changes in HER4 or cyclin D1 gene expression. As compared to results from western blot analysis, exposure to 4-OHT resulted in a higher level of nuclear HER4 (HER4 N ) in MCF7 cells, whereas cytoplasmic HER4 (HER4 C ) was decreased after E2 exposure in MCF7 cells as well as in T-47D cells (Fig. 4) . E2 exposure induced cyclin D1 protein expression in all the cell lines, and the increase was blocked by co-exposure with 4-OHT.
Discussion
Receptor tyrosine kinases are important for epithelial growth in mammary tissue, and during carcinogenesis. The family member HER4 has been suggested to play a role in breast cancer growth, although opposing reports of HER4 activity has made it difficult to evaluate its clinical importance. In the present study, we assessed HER4 protein expression and its prognostic and predictive relevance in breast cancer patients (n=912) randomized to adjuvant tamoxifen treatment or no adjuvant endocrine treatment (24) . From the immunohistochemical staining, HER4 was detected in the cytoplasm (HER4 C ), in the nucleus (HER4 N ) or in both locations (HER4 NC ) of tumor cells. In addition, a small fraction of cases had a tumor with distinct HER4 membrane staining. Generally, expression of HER4 is associated to ER-positivity and may predict endocrine responsiveness because of an ERα co-activating role of 4ICD (11, 12, 23, 26) . We found a significant association between HER4 N and ER-positivity but no association to prognosis or prediction. Expression of HER4 C associated significantly to poor prognostic markers such as ER-negativity, HER2-positivity, PgR-negativity and to larger tumors. According to the hypothesis that HER4 C could signify increased 4ICD mitochondrial access and apoptosis, these patients should have an improved survival. In a study by Thor et al (22) cytoplasmic 4ICD correlated positively to tumor cell apoptosis as well as to ER, PgR, and improved breast cancer prognosis, which is contradictory to our findings.
The tumors with membranous HER4 may hypothetically express uncleavable JM-b-isoforms or the receptor may be inactivated or truncated. Even so, cases with membranous HER4 were shown to have a shorter recurrence-free survival than cases without. strong cytoplasmic staining could mask membranous staining and we therefore estimated the influence of membrane HER4 in comparison to HER4 -cases, and the difference in survival was no longer significant. More than half of the tumors with a defined staining of HER4 membrane were HER2-positive, raising the question whether HER4/HER2 dimerization occurs in these tumors. However, co-expression of membrane HER4 and HER2 did not affect recurrence-free survival according to our interaction test.
In a more recent breast cancer study by Fujiwara et al high intensity staining of HER4, or 4ICD as they report, was observed in the nucleus, cytoplasm or in both (27) . In accordance with our study, they declare an association between cytoplasmic 4ICD and HER2-positivity as well as PgR-negativity. Fujiwara et al did not find any association of nuclear 4ICD to ER but to small tumors (≤20 mm), a marker of good prognosis. In their cohort and among patients with endocrine treatment, high nuclear HER4 expression (compared to low) was significantly correlated to increased recurrence-free survival. The tamoxifen treated patients in present study showed no significant correlations between HER4 and recurrence-free survival according to our analyses.
The original hypothesis by Naresh et al stated that tamoxifen interaction to ER obstructs the binding of 4ICD to ER. This could increase 4ICD mitochondrial accumulation and following apoptosis (20) . Expression of nuclear 4ICD in tumor cells could therefore involve a mechanism for tamoxifen-induced apoptosis and consequently be an advantage for tamoxifen-treated patients. HER4 absence has been associated to tamoxifen resistance (13) and is proposed to predict recurrence of ductal in situ carcinoma (28) . In our results, tamoxifen was most beneficial for the HER4-negative patients, which according to Barnes et al is the most unfavorable population (28) . The discordance between studies of HER4 predicting outcome from tamoxifen treatment might be caused by differential expression of HER4 isoforms. In mammary epithelia and in breast cancer, the cleavable JM-a isoform is most prominent (15, 27) and according to Muraoka-Cook et al CYT-2-expressing glands show increased cyclin D1 levels (17) possibly affecting tumor growth.
It is important to note that we did not use an isoformspecific anti-HER4 antibody, however, a specific anti-HER4 antibody directing the carboxy-terminal which harbours 4ICD, the principally target of interest, was used. In addition to IHC analysis of HER4 protein in breast cancer tissue, Fujiwara et al investigated what specific isoforms were expressed using qPCR (27) . They found that HER4 mRNA expression comprised of both CYT-1 and CYT-2 variants and that CYT-2 was superior in terms of recurrence-free survival. Also, they found a larger proportion of HER4/CYT-1 in nuclei. Other studies claimed that overexpressed HER4/CYT-2 causes hyperplasia in mammary epithelia and CYT-2 translocate to the nucleus more easily than CYT-1 (17, 19) . HER4 expression is clearly influenced by hormones as seen by the association to ER and in in vitro results. The levels of HER4 mRNA decreased in two out of three cell lines following E2 exposure. The cyclin D1 mRNA increased in all cell lines showing that cells are responsive to estrogenic growth stimulation. Following 4-OHT exposures, no significant changes in gene expression were detected. One explanation for the absence of tamoxifen effect could be that cellular growth in hormone-depleted serum may cause the same effect as estrogen blocking, thus masking the influence of tamoxifen. Other researchers have found that HER4 increases in response to endocrine treatment (such as 4-OHT and fulvestrant) and decreases in response to E2 (29, 30) . HER4 is transcriptionally repressed by estrogen stimulation (30) , explaining why tamoxifen exposure results in increased HER4. The main reason for the in vitro experiments was to investigate whether 4ICD locates predominantly to nucleus or cytoplasm following exposure to E2 and 4-OHT. In the western blot results, all three breast cancer cell lines revealed an 80 kDa band corresponding to the size of the cleaved carboxyterminal product 4ICD. When analyzing contents in isolated cellular compartments, both HER4 C and HER4 N decreased after E2 exposure. In line with the qPCR results, cyclin D1 protein expression increased. There was, however, no visual difference in nuclear or cytoplasmic protein fractions.
In conclusion, the present study showed no significance of HER4 expression in breast cancer survival, however, an association to biological markers related to endocrine response was evident. Using more sophisticated techniques, future studies may reveal whether HER4 expression add prognostic or predictive relevance for breast cancer outcome.
